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Attorney Docket No. 36856.1138 
FLUORESCENT LAMP LIGHTING DEVICE 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a fluorescent lamp lighting device for lighting a 
fluorescent light bulb by using an electronic lighting circuit. 

2. Description of the Related Art 

In recent years, as fluorescent lamp lighting devices, inverter-type electronic 
lighting devices have been commonly used in order to save energy. In particular, in 
fluorescent lamps incorporated in a lighting device, which is an energy-saving light 
source, in order to achieve higher-efficiency of a lamp, inverter-type electronic lighting 
circuits are becoming increasingly used. 

Japanese Unexamined Patent Application Publication No. 2001-357989 
discloses a known fluorescent lamp. That is, ordinary fluorescent lamps are configured 
as shown in Fig. 3. A circuit substrate 20 on which an electronic lighting circuit 3 is 
formed is arranged between a base 6 arranged at the end portion of a resin case 5 and 
a fluorescent light bulb 2, and electronic components for insertion mounting are 
mounted on the circuit substrate 20. 

Furthermore, a known fluorescent lamp has an electronic lighting circuit shown in 
Fig. 2. The configuration of the circuit will now be described below with reference to 
Fig. 2. 

The electronic lighting circuit 3 includes a fluorescent light bulb 2, a power source 
13, and an inverter circuit section 14. A terminal "a" of one of electrode filaments 7 
contained in the fluorescent light bulb 2 is directly connected to the inverter circuit 
section 14. Furthermore, a terminal a' of the other electrode filament 8 contained in the 
fluorescent light bulb 2 is connected in series to the inverter circuit section 14 via an 
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inductance element 15 for controlling electrical current. A capacitor 18 and a positive 
characteristic thermistor (hereinafter referred to as a "PTC thermistor") 19 are 
connected in parallel between a terminal b of the electrode filament 7 and the terminal b' 
of the electrode filament 8. Furthermore, a negative characteristic thermistor 
(hereinafter referred to as an "NTC thermistor") 16 is connected between the terminals 
a and b of the electrode filament 7, and an NTC thermistor 17 is connected between the 
terminals a' and b' of the electrode filament 8. 

On the surface of the fluorescent lamp that faces the base of the circuit substrate, 
comparatively large electronic components for insertion mounting, such as a smoothing 
capacitor, a resonance capacitor, a resonance coil, a PTC thermistor, and an NTC 
thermistor, are mounted, and the components are in close proximity with each other. 

Here, in a case where, after the fluorescent lamp is temporarily lit normally, the 
power supply is switched off, the cooling speed of the NTC thermistor differs according 
to how close the NTC thermistor is to the other components. 

Furthermore, when a component which is close to an NTC thermistor is a self- 
heating component, such as a PTC thermistor, it becomes difficult for the NTC 
thermistor to cool due to the self-heating, and the off time required to maintain the pre- 
heating efficiency of the filament, that is, the reset time, becomes long. 

Therefore, at the restarting time, since it is difficult to ensure pre-heating current 
which flows through the electrode filament, there is a risk in that the number of on-off 
operations of the lamp may be decreased due to insufficient pre-heating. 

SUMMARY OF THE INVENTION 

In order to overcome the problems described above, preferred embodiments of 
the present invention provide a fluorescent lamp lighting device in which the problem of 
the reset time becoming long is overcome and a decrease in the number of on-off 
operations of the lamp can be prevented. 

According to a preferred embodiment of the present invention, a fluorescent lamp 
lighting device includes a fluorescent light bulb having an electrode filament, and an 
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electronic lighting circuit substrate for lighting the fluorescent light bulb, wherein a 
capacitor connected in parallel with the fluorescent light bulb, a positive characteristic 
thermistor connected in parallel with the capacitor, and a negative characteristic 
thermistor connected in parallel with the electrode filament are mounted on the 
electronic lighting circuit substrate, and wherein a mounting surface of the negative 
characteristic thermistor is mounted such that the mounting surface is in abutment with 
the electronic lighting circuit substrate. 

The electronic lighting circuit substrate has obverse and reverse surfaces, and 
the positive characteristic thermistor and the negative characteristic thermistor are 
preferably mounted on mutually different mounting surfaces among the two mounting 
surfaces of the obverse and reverse surfaces of the electronic lighting circuit substrate. 

According to the fluorescent lamp lighting device of various preferred 
embodiments of the present invention, the advantages described below are obtained. 

Since a surface-mount-type NTC thermistor is used, when compared to a reed- 
type NTC thermistor, generated heat is easily radiated to the circuit substrate, and thus, 
the device can easily return to room temperature. As a result, at the restarting time, 
the surface-mount-type NTC thermistor is more likely to return to a state in which the 
resistance value is high, and before the lamp is started, a state in which pre-heating 
current flows through an electrode filament coil can be reached more quickly. 

Furthermore, in the fluorescent lamp lighting device of preferred embodiments of 
the present invention, since the surface-mount-type NTC thermistor is surface-mounted 
on the circuit substrate surface on the side opposing the PTC thermistor so that the 
surface-mount-type NTC thermistor does not come close to self-heating components of 
the PTC thermistor, the problem of the reset time becoming long does not occur. 

Therefore, it becomes easier to ensure pre-heating current which flows through 
the electrode filament. Also, a decrease in the number of on-off operations of the lamp 
due to insufficient pre-heating can be prevented. 
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Other features, elements, characteristics and advantages of the present 
invention will become more apparent from the following detailed description of preferred 
embodiments with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is an overall sectional view showing the configuration of a fluorescent lamp 

in which a fluorescent lamp lighting device according to a preferred embodiment of the 

present invention is used; 

Fig. 2 is an electronic lighting circuit diagram; and 

Fig. 3 is an overall sectional view showing the configuration of a fluorescent lamp 
in which a known fluorescent lamp lighting device is used. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
The configuration of a fluorescent lamp lighting device of a preferred embodiment 
will be described first. Fig. 1 is a sectional view showing the configuration of a 
fluorescent lamp lighting device according to this preferred embodiment. 

An electric-lamp-type fluorescent lamp 1 includes a fluorescent light bulb 2, an 
external-tube glass bulb 4 which covers the fluorescent light bulb 2, a resin case 5 
connected to the base-portion side of the external-tube glass bulb 4, an electronic 
lighting circuit 3 housed in the resin case 5, and a base 6 arranged at the end portion of 
the resin case 5. The fluorescent light bulb 2 preferably includes four substantially U- 
shaped glass tubes (only two substantially U-shaped glass tubes are shown in the 
figure). 

A description will also be given with reference to Fig. 2. The fluorescent light 
bulb 2 is provided with a pair of electrode filaments 7 and 8. Inside one of the tube end 
portions of the fluorescent light bulb 2, one of the electrode filaments 7 is held by a pair 
of reed lines 9 and 1 0. Furthermore, inside the other tube end portion of the 
fluorescent light bulb, the other electrode filament 8 is held by a pair of reed lines 1 1 
and 1 2. The reed lines 9 to 1 2 are led outside the fluorescent light bulb 2 and are each 
electrically connected to the electronic lighting circuit 3 provided inside the resin case 5. 
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The electronic lighting circuit 3 is formed by a series inverter circuit method, and is 
connected to the power supply 13 via the base 6 arranged at the end portion of the 
resin case 5. 

The electronic lighting circuit 3 has an inverter circuit section 14 driven by the 
power supply 1 3 so as to light the fluorescent light bulbs 2. The terminal a of one of 
the electrode filaments 7 included in the fluorescent light bulb 2 is directly connected to 
the inverter circuit section 14. Furthermore, the terminal a' of the other electrode 
filament 8 is connected to the inverter circuit section 14 via an inductance element 1 5, 
which is connected in series, for controlling electrical current. The capacitor 18 is 
connected in parallel with the fluorescent light bulb 2, and a PTC thermistor 19 is 
connected in parallel with the capacitor 18. Furthermore, an NTC thermistor 16 is 
connected in parallel between the terminals a and b of the electrode filament 7, and an 
. NTC thermistor 1 7 is connected in parallel between the terminals a' and b' of the 
filament 8. 

The NTC thermistors 16 and 17 are surface-mounted on the same surface, which 
faces the fluorescent light bulb 2 of the circuit substrate 20, as that of the electronic 
lighting circuit 3 housed in the resin case 5. Furthermore, on the surface of the circuit 
substrate 20 that faces the base 6, electronic components for insertion mounting (for 
example, the inductance element 15, the capacitor 18, and the PTC thermistor 19) are 
mounted. Here, it is important that the NTC thermistors 16 and 17 have a mounting 
surface and are mounted in such a manner that this mounting surface is placed in 
abutment with the circuit substrate 20. Hereinafter, these thermistors 1 6 and 1 7 will 
also be described as the surface-mount type NTC thermistor, and when described as a 
surface-mount type, this is assumed to be used to implicate the foregoing. Although in 
this preferred embodiment, an NTC thermistor is mounted on the fluorescent light bulb 
side of the circuit substrate and the PTC thermistor is mounted on the base side, the 
configuration is not limited to the above configuration, and even when, contrary to the 
above-described configuration, the PTC thermistor is mounted on the fluorescent light 



5 



bulb side of the circuit substrate and the NTC thermistor is mounted on the base side, 
similar advantages are obtained. 

Next, a description will be given of the operation from when the fluorescent light 
bulb 2 is pre-heated until it is normally lit in the electronic lighting circuit. 

First, the PTC thermistor 19 is in a state in which the temperature thereof is low 
before the lamp is started and the resistance value thereof is low. At this time, the 
temperature of the NTC thermistors 16 and 17 which are connected in parallel with the 
electrode filaments 7 and 8, respectively, is also low, and the resistance values thereof 
are high. 

Next, when the power-supply switch is turned on, AC current is supplied from the 
power supply 13, and pre-heating current flows through the electrode filaments 7 and 8 
of the fluorescent light bulb 2. At this stage before the lamp is started, since the 
resistance value of the PTC thermistor 19 is low, the pre-heating current flows through 
the PTC thermistor 19 having a resistance value lower than that of the capacitor 18, the 
pre-heating current can be set to a high value. On the other hand, at this stage, since 
the resistance values of the NTC thermistor thermistors 1 6 and 1 7 are high, most of the 
pre-heating current before the lamp is started flows through the electrode filaments 7 
and 8. At this time, the resistance value of the PTC thermistor 1 9 is low, hardly any 
resonance voltage is generated between the capacitor 18 and the inductance element 
15, and a starting voltage is not applied to the fluorescent light bulb 2. 

Next, when the temperature of the PTC thermistor 19 sharply increases with the 
self-heating due to the pre-heating current and the resistance value thereof sharply 
increases, a starting voltage corresponding to the resonance voltage of the capacitor 18 
is applied to the fluorescent light bulb 2, and the fluorescent light bulb 2 is started. In 
this case, the temperature of the NTC thermistors 16 and 17 increases, the resistance 
values thereof sharply decrease, and each of the electrode filaments 7 and 8 is short- 
circuited. 

Furthermore, at the normally lit time, since the resistance values of the NTC 
thermistors 16 and 17 are low, the electrical current via the capacitor 18 does not flow 
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through the electrode filaments 7 and 8, and most of the electrical current flows through 
the NTC thermistors 16 and 17. 

For the NTC thermistor, an NTC thermistor, having an external electrode made of 
Ag on the end surface of a plain ceramic body, with a room temperature resistance of 
about 60Q and a B constant of about 3800K (between about 25°C and about 50°C), is 
preferably used. However, any kind having a shape which can be surface-mounted on 
the circuit substrate may be used, and the characteristics are not limited to the above- 
described ones. 

According to the above-described configuration, the electrode filaments 7 and 8 
can be efficiently pre-heated within one second before the lamp is started, and sufficient 
thermionic radiation can be obtained. As a result, the application of the starting voltage 
allows the lamp to be started quickly, the glow discharge time immediately after the 
lamp is started is shortened, and the amount of electron radiation material scattered 
from the electrode filaments 7 and 8 can be reduced. Furthermore, since the electrode 
filaments at the normally lit time can be efficiently pre-heated, it is possible to shorten 
the starting time. 

Here, a description will be given in detail of advantages as a result of surface- 
mounting a surface-mount-type NTC thermistor on the surface of a circuit substrate in 
the fluorescent lamp lighting device according to preferred embodiments of the present 
invention. 

First, the filament pre-heating improvement effect when the fluorescent lamp 
lighting device is lit again was examined. As one measure for knowing the filament 
pre-heating improvement effect, the glow discharge time was used. A glow discharge 
is a discharge phenomenon which occurs because it becomes difficult for electrons to 
move about in a state in which the filament is not warmed, that is, pre-heating is 
insufficient, when a voltage is applied to light a fluorescent lamp. In general, it is 
known that, the smaller the glow discharge time, the more there is a pre-heating effect, 
and by measuring the glow discharge time when the fluorescent lamp lighting device is 
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lit, it is possible to know the filament pre-heating improvement effect when the 
fluorescent lamp lighting device is lit again. 

As evaluation samples, four types of a case in which an NTC thermistor which is 
surface-mounted on the base side is used (a first preferred embodiment), a case in 
which an NTC thermistor which is surface-mounted on the fluorescent light bulb side is 
used (a second preferred embodiment), a case in which a reed-type NTC thermistor 
which is mounted on the base side is used (comparative example 1), and a case in 
which a reed-type NTC thermistor which is mounted on the fluorescent light bulb side is 
used (comparative example 2) were used. More specifically, for the fluorescent lamp 
lighting device, a fluorescent lamp lighting device of 22-watt type was used. The first 
preferred embodiment is arranged such that surface-mount-type NTC thermistors are 
connected in parallel with two filaments correspondingly, and are surface-mounted on 
the surface of the circuit substrate that faces the base, and the PTC thermistor and the 
NTC thermistor are mounted on the same surface. The second preferred embodiment 
is arranged such that surface-mount-type NTC thermistors are connected in parallel 
with two filaments correspondingly, and are surface-mounted on the surface of the 
circuit substrate that faces the fluorescent light bulb, and the PTC thermistor and the 
NTC thermistor are mounted on different surfaces. Comparative example 1 is 
arranged such that reed-type NTC thermistors are connected in parallel with two 
filaments correspondingly, and are surface-mounted on the surface of the circuit 
substrate that faces the base. Comparative example 2 is arranged such that reed-type 
NTC thermistors are connected in parallel with two filaments correspondingly, and are 
surface-mounted on the surface of the circuit substrate that faces the fluorescent light 
bulb. Since the evaluation was made by using the NTC thermistors, all of which having 
the same shape and having the same resistance value, an effect due to the size can be 
ignored. 

Here, the fluorescent lamp lighting device was left in an ambient environment at 
an ambient temperature of about 25°C with no air movement, and the temperature of 
the fluorescent lamp lighting device was stabilized. Thereafter, an input voltage of 
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about 100 Vrms/60 Hz was applied at a cycle of 10 seconds ON-170 seconds OFF, and 
assuming the above-mentioned cycle to be one cycle, the glow discharge time for each 
cycle was measured. The glow discharge time was measured from the waveform of 
the electrical current which flows through the filament when the input voltage is ON. 
The measured results are shown in Table 1 . 
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Table 1. 





Number of Cycles 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


First 

Preferred 
Embodiment 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


Second 

Preferred 

Embodiment 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


Comparative 
Example 1 


0 


0 


9 


0 


13 


14 


23 


27 


33 


26 


Comparative 
-Example 2 


0 


0 

■ 


0 


0 


22 


15 


21 


16 


23 


25 




Number of Cycles 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


First 

Preferred 
Embodiment 


0 


0 


0 


0 


9 


13 


17 


16 


17 


18 


Second 

Preferred 

Embodiment 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


Comparative 
Example 1 


27 


25 


28 


35 


34 


38 


32 


37 


33 


39 


Comparative 
Example 2 


25 


17 


17 


16 


19 


26 


18 


18 


29 


28 



As is also clear from Table 1 , when the reed-type NTC thermistor was used, glow 
discharge occurred within five cycles when either on the surface of the circuit substrate 
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that faces the base side or on the surface facing the fluorescent light bulb side the reed- 
type NTC thermistor was mounted. 

However, in a case where the surface-mount-type NTC thermistor was used, in 
the first preferred embodiment in which it was surface-mounted on the base side, glow 
discharge did not occur for up to 14 cycles, and in the second preferred embodiment in 
which it was surface-mounted on the fluorescent light bulb side, glow discharge did not 
occur even at 20 cycles. 

It can be clearly seen from these results that a considerable filament pre-heating 
improvement effect of the filament when the electric-lamp-type fluorescent lamp lighting 
device is lit again is obtained. 

Preferably, the PTC thermistor and the NTC thermistor are mounted on mutually 
different mounting surfaces among the two mounting surfaces of the obverse and 
reverse surfaces of the electronic lighting circuit substrate. 

Next, by using an evaluation sample of conditions similar to the above-described 
ones, the number of on-off operations of the fluorescent lamp lighting device was 
examined. Also, for the fluorescent lamp lighting device, a fluorescent lamp lighting 
device similar to the above-described one was used. 

As the measurement conditions, the fluorescent lamp lighting device was left in 
an ambient environment at an ambient temperature of about 25°C with no air movement, 
so that the temperature of the fluorescent lamp lighting device was stabilized. 
Thereafter, an input voltage of 100 Vrms/60 Hz was applied at a cycle of 10 seconds 
ON-1 70 seconds OFF. Assuming the above-mentioned cycle to be one cycle, the 
number of possible on-and-off cycles was measured. The measured results are shown 
in Table 2. 
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Table 2 





Number of Cycles 


First Preferred Embodiment 


41,000 


Second Preferred 
Embodiment 


48,000 


Comparative Example 1 


23,000 


Comparative Example 2 


23,000 



As is also clear from Table 2, when the reed-type NTC thermistor was used, the 
number of on-off operations was approximately 23,000 cycles when either on the 
surface of the circuit substrate that faces the base side or on the surface facing the 
fluorescent light bulb side the reed-type NTC thermistor was mounted. 

However, in a case where the surface-mount-type NTC thermistor was used, in 
the first preferred embodiment in which it is surface-mounted on the base side, the 
number of on-off operations was 41 ,000 cycles, and in the second preferred 
embodiment in which it is surface-mounted on the fluorescent light bulb side, the 
number of on-off operations was 48,000 cycles. 

It can be known from these results that, as a result of using the surface-mount- 
type NTC thermistor, the number of on-off operations of the CFL (Compact Fluorescent 
Light) is improved considerably. 

Preferably, the PTC thermistor and the NTC thermistor are mounted on mutually 
different mounting surfaces among the two mounting surfaces of the obverse and 
reverse surfaces of the electronic lighting circuit substrate. In the first preferred 
embodiment, each of the NTC thermistors 16 and 17 is connected between the 
terminals a and b of the electrode filament 7 and between the terminals a' and b' of the 
electrode filament 8, respectively. Alternatively, the configuration may be arranged in 
such a way that a plurality of NTC thermistors 16 are connected in parallel and a 
plurality of NTC thermistors 1 7 are connected in parallel. In this case, at least one of 
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the plurality of NTC thermistors 16 and the plurality of NTC thermistors 1 7 may be 
connected in parallel. 

With such a configuration of the electronic lighting circuit, electrical current flows 
through each of a plurality of NTC thermistors when a fluorescent lamp is switched on, 
and when compared to the case of one NTC thermistor, the heat-generating 
temperature of each NTC thermistor can be decreased, making it possible to further 
reduce the influence of heat exerted on the other components. Furthermore, since the 
heat-generating temperature of each NTC thermistor is decreased, the service life of 
electronic components can be improved further. 

The present invention is not limited to each of the above-described preferred 
embodiments, and various modifications are possible within the range described in the 
claims. An embodiment obtained by appropriately combining technical features 
disclosed in each of the different preferred embodiments is included in the technical 
scope of the present invention. 
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